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Abstract
Background: Blood culture bottles (BCBs) provide a semiautomated method for culturing periprosthetic tissue
specimens. A study evaluating BCBs for culturing clinical samples other than body fluids is needed before
implementation into clinical practice. Our objective was to evaluate use of the BacT/Alert® Virtuo blood culture
system for culturing periprosthetic tissue specimens.
Methods: The study was performed through the analysis of spiked (n = 36) and clinical (n = 158) periprosthetic
tissue samples. Clinical samples were analyzed by the BCB method and the results were compared to the
conventional microbiological culture-based method for time to detection and microorganisms identified.
Results: The BacT/Alert® Virtuo blood culture system detected relevant bacteria for prosthetic joint infection in both
spiked and clinical samples. The BCB method was found to be as sensitive (79%) as the conventional method (76%)
(p = 0.844) during the analyses of clinical samples. The BCB method yielded positive results much faster than the
conventional method: 89% against 27% detection within 24 h, respectively. The median detection time was 11.1 h
for the BCB method (12 h and 11 h for the aerobic and the anaerobic BCBs, correspondingly).
Conclusion: We recommend using the BacT/Alert® Virtuo blood culture system for analyzing prosthetic joint tissue,
since this detect efficiently and more rapidly a wider range of bacteria than the conventional microbiological method.
Keywords: BacT/Alert® Virtuo blood culture system, Blood culture bottle, Prosthetic joint infection,
Periprosthetic tissue specimens
Background
Prosthetic joint infection (PJI) is one of the most serious
complications in joint implantation, and if untreated, it
may lead to severe pain, persistent dislocation and death
[1]. Approximately 2 % of all patients undergoing joint re-
placement worldwide are affected by this complication
[2–4] and this number is expected to increase with the in-
creasing incidence of arthroplasty surgery [3, 5–7]. The
early diagnosis of PJI plays a key role in successful treat-
ment, however, the condition is difficult to diagnose [8, 9].
The diagnosis of PJI is not standardized [9]. The
scheme currently in use combines clinical findings and
laboratory results [10] where the microbiological assess-
ment of periprosthetic tissue is an important criterion
for diagnosis of PJI [4, 10, 11]. Most clinical microbiol-
ogy laboratory diagnostic methods for PJI are based on
culturing bacteria on agar plate and in enrichment broth.
These methods are labor intensive, involve subculturing
and require daily inspection of enrichment broths. Fur-
thermore, low sensitivity and lack of specificity leads to
10 to 30% false-negative results [3, 12]. These numbers
are not surprising. The accurate diagnosis of PJI is
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challenging due to various factors that affect culture re-
sults such as: low bacterial inoculum concentration, prior
antibiotic therapy, formation of biofilms, and presence of
fastidious slow-growing microorganisms [4, 13, 14].
Hence, improved methods for culturing periprosthetic tis-
sue for diagnosis of PJI are urgently needed.
Inoculation of blood culture bottles (BCBs) is often used
for detection of microorganisms. Clinical microbiology la-
boratories use this semiautomated system with continuous
monitoring for microbiological diagnosis, mainly from
blood and other body fluids [15]. Previous studies have
demonstrated the potential of microbiological detection
using BCBs for culturing specimens related to PJI, such as
synovial fluid [2, 16], sonication fluid [5, 17–19], and pros-
thetic joint tissue (PJT) [5, 20–22]. However, there is little
data on the culture of PJT samples on BCBs and more evi-
dence is needed for safe patient management before
method implementation into the clinical setting [12].
The most common BCB systems used worldwide are
BD BACTEC (Becton Dickinson Instrument Systems,
Sparks, MD) and BacT/Alert® (bioMérieux, Marcy
l’Etoile, France) [15, 23, 24]. The systems are similar as
they detect CO2 production and change in pH but differ
in culture media composition and additives. There are
many technical factors that could affect the sensitivity of
blood culture systems, such as the clinical sample type,
volume of blood required for culture, and timing of
blood culture media, among others. In order to ensure
laboratory quality practice, it is important to verify,
evaluate and optimize the use of each BCB system when
users practice a subprocess that differs from the manu-
facturer’s guidelines, such as the implementation of BCB
for clinical samples other than blood [20].
To the best of our knowledge, most studies on PJI to date
have used the BD BACTEC BCB system [5, 17, 19, 22].
Here, we evaluate use of the BacT/Alert® Virtuo BCB sys-
tem for culturing periprosthetic tissue specimens by the
analysis of spiked samples (i.e. simulated PJT specimens
with known bacteria) and clinical tissue samples. The use
of BCBs emerges as an attractive tool for accurate and
timely diagnosis of PJI, leading to improvement in outcome
for this challenging type of infection.
Methods
Study design and samples
A prospective laboratory study was conducted over a 11-
month period (August 2017–June 2018). Periprosthetic
tissue specimens from hip, knee, elbow, ankle and shoul-
der, belonging to patients with suspicion of PJI were rou-
tinely submitted to the Department of Microbiology and
Infection Control at the University Hospital of North
Norway (UNN), Tromsø, Norway.
Samples were processed using routine standard micro-
biological procedures. Excess tissue samples (n = 158)
from 62 patients were evaluated through the BacT/Alert®
Virtuo BCB system. The mean number of specimens re-
ceived per patient was 2.5 (mode 2, range 1–5).
The BCB method was based on, and modified from,
similar methods used in previous studies [12, 20, 21]
while the conventional method was an already validated
in-house method.
Ethics statement
The work was performed in compliance with the ethical
guidelines established by UiT- The Arctic University of
Norway. The project was evaluated by the Regional Com-
mittee for Medical and Health Research Ethics, Norway
(document no. 2016/1247/REK nord), concluding that
ethical approval was not required. There were no ethical
issues to consider due to use of anonymous clinical sam-
ples and development of methodological procedures.
Spiking experiments
Six bacterial species reported as common microbio-
logical causes of PJI were used for spiking experiments.
Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, Enterococcus faecalis ATCC 29212,
Staphylococcus epidermidis ATCC 12228, Bacteroides
fragilis ATCC 25285 and Cutibacterium (formerly Propi-
onibacterium) acnes (clinical sample).
Excess material of a native femoral head and sur-
rounding tissue from an anonymous donor was crushed,
sterilized (irradiated to 25Gy) and tested for contamin-
ation by culturing on agar plates. Fresh bacterial cultures
were suspended in NaCl 0.85% or in tryptic soy broth
(TSB) for aerobic and anaerobic strains, respectively, to
a 0.5 McFarland density. These were further diluted to
bacterial suspensions of approximately 103 colony form-
ing units (CFU)/mL.
A piece of sterilized crushed native femoral head and
tissue (≈1 cm3), i.e. a simulated PJT sample, was trans-
ferred to a 15 mL tube containing four mL of glucose
broth and five ceramic beads. Five hundred microliters
of the bacterial suspension (≈500 CFU) was added to the
glucose broth containing the tissue. After two minutes,
the mixture was homogenized using a FastPrep-24 in-
strument (MP Biomedicals, France) to 6.0 M/sec (meters
per second) for 40 s.
Subsequently, a Bact/Alert® BCB (FA Plus for aerobic
or FN Plus for anaerobic bacteria, bioMérieux, Marcy
l’Etoile, France) was inoculated with one mL of the ho-
mogenized suspension containing approximately 90–
150 CFU/mL and four mL of horse blood (TCS Biosci-
ences Ltd), for a final bacterial concentration of approxi-
mately 100 CFU/bottle. BCBs were incubated in the
BacT/Alert® Virtuo Microbial Detection System until sig-
naling for positivity, or for a maximum of 12 days. Time
to positivity was recorded. When growth was detected,
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one drop (≈50 μl) of the BCB medium was subcultured
on suitable media to confirm pure culture. Spiking ex-
periments were performed in triplicates and two repeats
were done within a time period of one month.
In total, 36 BCBs were spiked, corresponding to 24
BacT/Alert FA plus and 12 BacT/Alert FN plus bottles.
Inoculum densities, viability, and purity were checked at
different time points during the process by standard
microbiological methods. Tissue sterility control was
performed for each bottle type by adding sterilized tissue
and horse blood and incubating the bottles for 12 days
as mentioned above. An overview of the process is pro-
vided in Fig. 1.
Analysis of clinical specimens by the conventional and
the BCB method
The BCB based method was run in parallel with the
conventional diagnostic method. For the conventional
method, several operators in the clinical microbio-
logical laboratory were involved in reading of broth
and agar plates as part of the routine procedures,
while in the BCB method, only one person was in-
volved in the experiments. For both methods, each
tissue specimen (≈1 cm3) inoculated in four mL of
glucose broth containing five ceramic beads, was ho-
mogenized in a FastPrep-24 instrument at 6.0 M/sec
(meters per second) for 40 s (Fig. 1).
In the conventional method, 0.1 mL of the previously
homogenized solution was inoculated onto a set of agar
plates: blood, lactose, chocolate, Sabouraud and anaer-
obic blood agar (Fig. 1). All agar plates (aerobic and an-
aerobic) and the remaining homogenized solution were
incubated for five days at 37 °C under aerobic condi-
tions, with the exception of the anaerobic blood agar
plates, which were incubated in an anaerobic jar system
(Anoxomat® Mark II). Aerobic agar plates and the
remaining broth were visually inspected daily, while the
anaerobic plates where inspected after five days of incu-
bation. The broth was inspected for opacity (almost al-
ways cloudy) and subcultured on aerobic agar for three
days at 37 °C. Time to detection (TTD) for the conven-
tional method was recorded (defined as the time until
growth is detected on the subsequent agar plate cul-
tures). Conventional microbiological methods for identi-
fication of bacteria and fungi were performed on
positive subcultures.
In the BCB method, a blood culture set, corresponding
to an aerobic bottle (BacT/Alert FA Plus) and an anaer-
obic bottle (BacT/Alert FN Plus) was inoculated with
one mL of the homogenized tissue specimen using a
sterile syringe. Inoculated BCBs were enriched with four
mL of horse blood and incubated in the Virtuo system
up to 12 days. TTD, defined as the time when the BacT/
Alert® Virtuo blood culture system signaled positive, was
recorded, and one drop from the bottle was subcultured
on the agar plate set mentioned above.
For both methods, the identification of bacteria was
done using matrix-assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF® MS
Bruker Daltonics - microflex™) and standard microbio-
logical procedures (Fig. 1).
Statistical analysis
Descriptive statistics for categorical variables were based
on percentages and frequencies, while continuous vari-
ables were based on means, standard deviations (SDs),
medians and interquartile ranges (IQRs). In addition, the
McNemar’s test was used to evaluate if the differences
between the methods were statistically significant. Data
were analyzed utilizing GraphPad software 7.0e (Graph-
Pad Software Inc., CA, US).
Fig. 1 Flowchart of study design. A and D are common processes through all the methods (i.e. spiking experiments, blood culture bottle (BCB)
method and conventional method). * spiked tissue was only tested using the BCB method. MALDI-TOF MS, matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry
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Results
BacT/Alert BCB system for detecting PJI pathogens -
spiking
The detection rate in spiked blood culture bottles was
100% (n = 36) for both blood culture bottle types. BacT/
Alert FA Plus bottles inoculated with aerobic bacteria
flagged positive for growth before 15 h (h). The mean time
to detection was 10.1 ± 2.2 h with a minimum of 7.9 h and
a maximum of 14.1 h. For the BacT/Alert FN Plus bottles
inoculated with anaerobic bacteria, there was a remarkable
difference in TTD between the two strains tested. C. acnes
was detected approximately nine hours later than B. fragi-
lis. The mean TTD for bottles inoculated with tissue
spiked with B. fragilis was 25.2 ± 1.1 h with a minimum
TTD of 24.4 h and a maximum of 26.7 h, while for C.
acnes, the mean TTD was 209.2 ± 18.1 h with a minimum
and maximum TTD of 175.2 h and 223.2 h, respectively.
No difference was observed between the two repeats per-
formed (SD 2.3–2.2), suggesting that the method is repro-
ducible (Additional file 1).
BacT/Alert BCB system effectively detected pathogens
from PJT specimens
After having confirmed that the BCB system can effect-
ively detect bacteria commonly found in PJI, we next
wanted to test the method on clinical specimens. Each
clinical specimen (n = 158) was inoculated into two bot-
tles. Therefore, 316 BCBs were included in total for the
study, comprising 158 bottles per blood culture type.
Eighty (25.3%) BCBs signaled positive for growth,
comprising 44 aerobic and 36 anaerobic bottles. Positive
BCBs belonged to 46 (29.1%) clinical tissue specimens
from 24 patients (38.70%). Two subcultures of positive
BCBs were negative after culturing on agar plates and
therefore classified as false positives. These were in-
cluded as negative samples during all analyses.
Organisms were identified from both bottles in 73.9%
of the cases, from the aerobic bottle only in 21.8%, and
from the anaerobic bottle only in 4.3%. For aerobic cul-
tures, 89% of the microorganisms were detected within
24 h and 100% within 40 h. For the anaerobic cultures,
97% of the microorganisms were detected within 24 h,
and 100% within 31 h.
The mean TTD for aerobic bottles was 13.9 ± 7.8 h
within a range of 3.8–39.3 h. For the anaerobic bottles,
the mean, minimum and maximum TTD was 11.3 ± 5.4
h, 4 h, and 30.9 h, respectively (Additional file 1).
BCB method yielded faster results compared with
conventional method
Use of BCB for analyzing clinical tissue samples from
patients with suspicion of PJI was compared with the
conventional method according to method sensitivity,
TTD and the bacterium (monomicrobial) or bacteria
(polymicrobial) identified. For these analyses, a sample
was considered positive by the BCB method when one
or two of the bottle types flagged positive.
In total, 158 periprosthetic tissue samples from 62 pa-
tients were analyzed (Table 1). By using BCBs, 112 sam-
ples were negative and 46 positive, belonging to 24
patients. By the conventional method, 114 samples were
negative and 44 positive corresponding to 23 patients
(Table 1).
Sensitivity was calculated without considering patient
clinical data (Additional file 2). The BCB method ap-
peared slightly more sensitive (79%) than the conven-
tional method (76%). A two-tailed P value of 0.844 was
obtained, which means that this difference is not statisti-
cally significant. There was an 84% agreement rate be-
tween the two methods (Table 2).
TTD was recorded for the conventional method
through daily visual inspection of agar plates and the
glucose broth for bacterial growth. Fifty-nine percent of
the bacteria were detected within the first 48 h, consist-
ing of 27 and 32% of bacteria detected on the first and
second day of incubation, respectively. The TTD was
significantly reduced using the BacT/Alert FA plus and
BacT/Alert FN Plus bottles compared to the conven-
tional method. More than 80% of the bacteria were de-
tected in less than 20 h using BCB, compared to the 5
days needed to obtain a similar percentage by the con-
ventional method (Fig. 2).
Microbiology
In total, 46 out of 158 prosthetic joint tissue (PJT) speci-
mens belonging to 24/62 (38.7%) patients had microor-
ganisms detected by BCBs (Table 1). Positive samples
were mostly monomicrobial (88.7%), with a low rate of
polymicrobial (11.3%). The two methods gave similar bac-
terial species in 89% of the positive samples, while 11% of
the samples gave different bacterial species. The most
prevalent microorganisms found using both methods,
were Staphylococcus aureus, Enterococcus faecalis,
Streptococcus mitis/oralis, Streptococcus dysgalactiae and
Staphylococcus epidermidis (Fig. 2, Additional file 3).
Discussion
Conventional microbiological culture remains the bench-
mark in PJI diagnosis, despite the longer time period associ-
ated with culture-based methods. Alternative approaches
that are both effective and practical should be considered
for use in the clinical routine setting [25].
Here, we present an evaluation of the use of the BacT/
Alert® Virtuo blood culture system for microbiological
analyses of periprosthetic tissue specimens as a tool that
can be beneficially used for improving and accelerating
the diagnosis of PJI. Our analyses included spiked and
clinical samples, as well as a comparison of the BCB
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method with the local routine diagnostic method, for
TTD and organism(s) identification. The translation of
this test system into clinical application at the local level
was the main goal of the project.
Currently, a microbiological definition of PJI is the isola-
tion of two or more identical isolates from multiple speci-
mens, or the isolation of one highly virulent organism
from a single sample [9]. During this study, we worked
with excess material from the clinical microbiology labora-
tory and the number of specimens accessible per patient
varied from 1 to 5 (mean of 2.5). Thus, we have sampled a
sub-optimal number of tissue specimens which may have
led to diminished sensitivity. According to Peel et al. [26]
three PJT specimens obtained and inoculated into BCBs
will give the greatest accuracy of PJI diagnosis. Alterna-
tively, four PJT specimens should be obtained and cul-
tured using standard plate and broth cultures. We only
evaluated the microbiological status of each sample re-
gardless of the clinical and histopathological requirements
needed to be catalogued as a true PJI.
In microbiological diagnostics, culture media and in-
cubation time might have a high influence on test sensi-
tivity. BCBs from different manufacturers have different
compositions which could influence their performance
[27]. Most of the studies using BCBs for diagnosis of PJI
have used the BD BACTEC BCB system [2, 16, 22, 25,
28]. For the BacT/Alert system, only evaluation of syn-
ovial fluid has been reported [17, 28]. To the best of our
knowledge, this is the first study evaluating the BacT/
Alert system for culturing PJT specimens. This is rele-
vant since there are many routine laboratories working
with the BacT/Alert system from bioMérieux that could
favorably implement this method into their routine
procedures.
The optimal BCB incubation time is a matter of debate
[29]. Commonly, most BCBs with samples obtained
from sterile sites are incubated for five days [30]. Some
studies suggest prolonging the incubation time up to 14
days, to increase the method sensitivity for anaerobes
and slow-growing bacteria [30, 31], while others report
that longer incubation time does not increase the
method sensitivity [32]. In our study, BCBs were incu-
bated for a period of up to 12 days. During our experi-
ments, most of the bacteria could be detected within the
first two days of incubation (Fig. 2), except for the spiked
C. acnes, which needed a mean time of 209 h (8.7 days)
to be detected. In the analysis of clinical specimens, just
one clinical sample contained C. acnes by the conven-
tional method (possible contamination) while there was
not a single sample positive for C. acnes or other anaer-
obic bacteria, using the BCB method.
Recent studies have reported that the BacT/Alert FN
Plus performed poorly with regard to TTD for anaerobic
bacteria including C. acnes [24, 33]. In our case, since
the spiked anaerobic bacteria C. acnes (clinical strain)
and B. fragilis (ATCC 25285) could be detected by the
BacT/Alert® Virtuo system, the possible lack of sensitiv-
ity for the BCB method was discarded. Instead, lack of
anaerobic bacteria in the clinical tissue samples may be
due to a low bacterial load, to the absence of bacteria in
the sample, or to inadequate sample storage and trans-
port (anaerobic device was not used). Overall, our results
suggest that BacT/Alert® Virtuo system is able to detect
relevant bacteria for PJI, including anaerobic bacteria,
and that longer incubation times beyond eight days may
increase the detection rate of C. acnes.
Despite the results mentioned above, at the general
clinical level, long incubation times are not convenient
in the routine clinical setting. Early results are significant
for the patient as well as for the clinician. C. acnes is
also a common contaminant of bacterial cultures and its
role in PJI is not well defined [30]. We conclude that
further research is needed before implementation of long
incubation times to increase the detection rate of low
prevalent slow-growing bacteria such as C. acnes.
In this study, we also compared the BCB method and
the local conventional method. Use of BCBs yielded fas-
ter results than the conventional method. Shorter time
to detection, when using a BCB system, has been re-
ported earlier for different sample types (body fluids and
Table 1 Results from culturing periprosthetic tissue samples using the blood culture bottle (BCB) method and the conventional method
Tissue
samples
BCB method Conventional method
No. of samples (%) No. of patients (%) No. of samples (%) No. of patients (%)
Positive 46 (29.1) 24 (38.7) 44 (27.8) 23 (37.1)
Negative 112 (70.9) 38 (61.3) 114 (72.2) 39 (62.9)
Total 158 (100) 62 (100) 158 (100) 62 (100)
Table 2 Concordance between culturing clinical tissue samples
using the blood culture bottle (BCB) method and the
conventional method
Method No. of tissue
samples (%)Conventional BCB
+ + 32 (20.2)
– – 100 (63.3)
+ – 12 (7.6)
– + 14 (8.9)
Total 158 (100)
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tissue) [20, 26, 34]. Peel et al. [12] compared a BCB sys-
tem with standard agar and thioglycolate broth culture,
yielding faster results using BCBs and showing a 47%
improvement of sensitivity.
Additionally, we have used horse blood as enrichment
supplement for the BCBs, which has previously been
shown to produce high positivity rates and shortening of
time to detection [35]. The use of horse blood does not
significantly influence the performance of blood culture
systems [33, 36].
Also, the BCB method was as specific as the use of
agar and broth. These findings are very interesting for
cases in which rapid diagnostic methods are applied dir-
ectly from positive BCBs, shortening the time for patho-
gen identification and to determine antimicrobial
susceptibility. The BCB method was shown to be repro-
ducible during spiking experiments, documented by the
fact that there were no differences observed in the TTD
from the repeats performed at different time points
(Additional file 1).
S. aureus, E. faecalis and coagulase-negative staphylo-
cocci are among the most common causes of PJI [3, 12],
findings that agree with our results. Less commonly rec-
ognized pathogens, such as S. pneumoniae and Candida
parapsilosis have also been confirmed to be associated
with PJI [37–39].
The BCB method and the conventional method
were concordant in most cases. However, in some
cases different microbiological agents were identified
comparing the two methods. This finding may indi-
cate a higher sensitivity of the BCB method for detec-
tion of polymicrobial samples, since a higher number
of species was found in samples sub-cultured from
positive BCBs (Additional file 3). This result is similar
to the report by Velay et al. [22] using the BACTEC
BCB system. In cases where the methods yielded dif-
ferent microorganism(s), discrepancies were analyzed
(when possible) by comparing the results obtained
from other samples belonging to the same patient
and/or by the presence of a virulent bacterium (e.g. S.
aureus). We conclude that in most of the cases, use
of the BCB method was more accurate.
There are certain disadvantages using BCBs, e.g.
cost of BCBs, cost of waste disposal and capacity
problems [6, 26]. There is also a contamination risk
when inoculating the homogenized material and horse
blood into the bottles, and careful manipulation
should be applied.
Our study had some technical limitations. (1) Low
total number of clinical samples collected (n = 158) and
limited number of samples per patient (mean 2.5); (2)
Limited clinical data about the patients making it diffi-
cult to define a sample selection criterion to distinguish
between true PJI and contaminations; (3) the inoculum
volume for the BCB (1 mL) was ten times higher than
that inoculated onto the agar plates (0,1 mL) which
could partially explain the faster detection rate observed
with the BCB method, and (4) As for the time of detec-
tion, comparative studies of this type contain a bias re-
lated to the reading frequency which differed between
the two methods. In the BCB method, reading was done
automatically every 10 min, whereas in the conventional
method, reading was performed manually only once
daily to comply with local laboratory practice. This con-
firms the utility and advantages of the BCB Virtuo sys-
tem, including automatization, mechanical loading and
unloading of bottles, faster detection of microorganisms
present in the samples, minimizing the risk of contamin-
ation, in addition to reduce labor requirements in the
clinical laboratory [23].
Fig. 2 Time to detection (TTD) and organisms identified by (a) blood culture bottle method and (b) conventional method
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Conclusion
In summary, we present a laboratory procedure that may
be an important tool in the diagnosis of PJI. We recom-
mend using the BacT/ALERT® BCB system for culturing
periprosthetic tissue as a laboratory procedure that can re-
liably and rapidly detect bacteria commonly found in PJI,
thus facilitating early clinical decision making.
Additional files
Additional file 1: Table S1. Analysis of Time to detection (TTD)
obtained from the spiking experiments. Figure S1. Boxplots from analysis
of Time to detection (TTD) obtained from the spiking experiments.
(DOCX 354 kb)
Additional file 2: Table S2. Conventional and BCB method sensitivity.
(DOCX 13 kb)
Additional file 3: Table S3. Organism(s) identified by the blood culture
bottle (BCB) method and the conventional method. (DOCX 96 kb)
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